The minimal inhibitory concentrations of nine growth-promoting agents were determined by an agar-dilution method against 66 bile-tolerant streptococcal (8 Streptococcus faecalis, 23 Streptococcus faecalis subsp. liquefaciens, 15 Streptococcus faecium, and 20 carboxyphilic streptococci) strains isolated from the ceca of 52 chickens on 19 farms. Avoparcin was equally active on all groups. The natural susceptibilities against the other substances differed among the groups studied. Bacitracin and virginiamycin were more active on S. faecium and S. faecalis than on S. faecalis subsp. liquefaciens; lincomycin and the macrolide antibiotics were more active on S. faecium than on the other groups; and flavomycin was active on all groups except S. faecium. High percentages of acquired resistance were noted in all groups against bacitracin, lincomycin, and the macrolide antibiotics, oleandomycin, spiramycin, and tylosin. Resistance to nitrovin was found only among the S. faecalis and S. faecium groups.
Bacterial colonization of the intestinal tracts of chicks takes place soon after hatching, when the young chicks ingest food (18, 21) . During the first 2 to 4 days, streptococci and enterobacteria colonize the small intestine and cecum and remain throughout the life of the bird. Streptococcus faecalis (15) , S. faecalis and a filterable agent (9) , Streptococcus faecium (12, 14) , and a fecal filtrate in combination with Streptococcus faecalis subsp. liquefaciens and S. faecium (12) have been incriminated as agents in avian growth depression. However, the evidence presented so far is conflicting; different workers have failed to confirm each others' findings.
The development of intensive methods for rearing poultry has been accompanied by the use of numerous growth-promoting agents in the diet (3), most of which have antibacterial activity. Apart from the activity of dietary bacitracin on S. faecalis subsp. liquefaciens and related streptococci (2), virtually nothing is known about the activity of the growth-promoting antibacterial agents on the fecal streptococci, which are important constituents of the bacterial flora of the intestinal tract and which also appear to be important agents in avian growth depression. Knowledge about the activity of the growthpromoting agents on the various intestinal bacterial species might lead to the understanding of the mechanism by which antimicrobial agents improve growth and the efficiency offood conversion. The present investigation was undertaken to study the activity of the most commonly used growth-promoting agents on streptococci isolated from the ceca of poultry.
MATERIALS AND METHODS
Bacterial strains. Sixty-six strains of streptococci, isolated from the ceca of 52 chickens brought for autopsy from 19 farms to the Veterinary Faculty, State University of Ghent, in 1980 were used in this study. Cecal swabs were collected and inoculated onto Islam medium (16) supplemented with 30 ,ug of neomycin, 15 ,ug of nalidixic acid, and 50 ,ug of metronidazole per ml of the medium (23) . Primary incubation was made in an incubator containing a continuous supply of 5% CO2 at 37°C. The plates were incubated for 48 h, and colonies were picked up in duplicate Blood Agar Base (Oxoid, Basingstoke, England) plates for purification. One set was incubated aerobically at 37°C, and the other set was incubated in the CO2 incubator. Passages were repeated on the same medium under the same incubation conditions until the cultures were considered pure. If the same culture was able to grow under both incubation conditions, then only the aerobic culture was saved for further studies. When a culture failed to grow optimally aerobically but grew optimally in the CO2 incubator, the culture was marked separately, and all further tests were carried out in the presence of 5% CO2 or anaerobically in a GasPak system (BBL Microbiology Systems, Cockeysville, Md.).
The following strains were included in the study. Tests for growth at pH 9.6, growth in medium containing 6 .5% NaCl, survival at 60°C for 30 min, growth at 45°C, reduction of 0.1% methylene blue, production of ammonia from arginine, hydrolysis of esculin, growth in the presence of 40% bile, liquefaction of gelatin, and fermentation of the carbohydrates were done according to Barnes and co-workers (2) .
Tests for hydrolysis of starch and reduction of tetrazolium were carried out as previously described (10) . Resistance of the strains to potassium teliurite was tested by using the Tellur diagnostic tablets per the instructions of the manufacturer (A/S Rosco, Taastrup, Denmark). The agents were dissolved and diluted in distilled water, ethanol, 0.1 N NaOH solution, or dimethyl formamide according to their solubility. Concentration of dimethyl formamide in media was kept lower than 1.6% (vol/vol) because higher concentrations are bacteriostatic. Antibiotic solutions were incorporated into agar as suggested by Ericsson and Sherris (8) .
Media for susceptibility tests. Minimal inhibitory concentration (MIC) tests were carried out in MuellerHinton agar (Difco). The antibiotic-containing plates, except those containing nitrovin and virginiamycin, were prepared in one lot and stored in a refrigerator for 1 to 7 days. The plates were dried for 25 to 30 min in a laminar air flow after pouring. Because the activity of nitrovin and virginiamycin deteriorated rapidly in preservation, plates containing these two agents were prepared on the same day the tests were performed.
Susceptibility tests. The strains, which were able to grow optimally in the presence of 5% CO2, were tested anaerobically in a GasPak system. The remaining strains were tested aerobically. The turbidity of the inocula was adjusted by adding the required drops from an overnight Mueller-Hinton broth (Difco) 
RESULTS
The results of the physiological tests for identification of the strains are shown in Table 1 . The strains were classified by using the criteria listed by Sharpe (20 (17) . We have also had such problems in naming or assigning the strains of the carboxyphilic group and the five methylene blue-negative strains included in the S. faecium group. These five strains were more closely related to S. faecium than to other fecal streptococci. The strains included in the carboxyphilic group represent a group of poorly defined microorganisms which have certain characteristics in common with the strains included by Hare (13) and Barnes and Impey (1). The strains of this group are not strictly anaerobic. Their growth is better in the presence of 5% CO2 than aerobically.
The criteria of susceptibility, as used here, are tentative because with growth-promoting agents the interpretation criteria of susceptibility and resistance have never been established (4) . The notion of susceptibility in vitro does not imply that the susceptible strains will be inhibited in vivo.
Avoparcin was active against all streptococci, irrespective of the species. Many strains were relatively unsusceptible to bacitracin. The MIC levels of bacitracin for the susceptible S. faecalis subsp. liquefaciens strains, including the reference strain, were at least 16 times higher than that for the susceptible S. faecium strains, including the reference strain. This is in contradiction to the results of Barnes and co-workers (2) that S. faecalis subsp. liquefaciens was more susceptible in vitro to bacitracin than S. faecium. It should be noted, however, that the divergence is caused by the existence of acquired resistance, which was less prevalent in S. faecalis subsp. liquefaciens than in other groups ( Table 6 ). The high percentage of acquired resistance to bacitracin among the strains may be due to the use of this agent in poultry feeds. This is a hypothesis, because it was not possible to trace the composition of the feeds used in the farms from which the birds originated. The S. faecalis subsp. liquefaciens strains were susceptible to flavomycin, whereas all but one of the strains classified as S. faecium were resistant to the compound. The percentage of resistance in other species was not very high. This is in sharp contrast to Clostridium perfringens strains (5, 22) , which are completely resistant, and to lactobacilli (7), which are relatively unsusceptible to flavomycin. In the cases of lincomycin against S. faecium and the carboxyphilic groups and nitrovin against the S. faecium group, the strains showed an unusual trimodal distribution of susceptibility levels. This type of strain distribution against lincomycin has been reported in C. perfringens from human origin (19) and animal origin (6) and in animal lactobacilli (7). Strains very susceptible to lincomycin were found only in the S. faecium and the carboxyphilic groups. The MICs required for inhibition of the susceptible S. faecalis subsp. liquefaciens strains were between 4 and 16 ,ug/ ml. Resistance to nitrovin was not found among the S. faecalis subsp. liquefaciens and the carboxyphilic groups.
The percentage of resistance to the macrolide antibiotics oleandomycin, spiramycin, and tylosin was very high. Macrolide-resistant strains were also resistant to lincomycin. This high percentage of resistance to macrolide antibiotics and lincomycin among the streptococci corresponds with similarly high macrolide and lincomycin resistance rates in animal lactobacilli (7) . It may be noted that antibiotics of the macrolide group and lincomycin are used therapeutically as well as for growth promotion in the poultry industry.
An extended range of MIC levels was seen in tests with virginiamycin. The MIC levels of virginiamycin against the S. faecium strains were the lowest. This was due to more susceptibility of the S. faecium strains to the virginiamycin component M, a member of the streptogramin group A antibiotics (7a).
The mechanism of bacterially induced growth depression or the mechanism of antibacterial agent-induced growth promotion is still a controversial issue. In this study, differences in the natural susceptibility levels of intestinal streptococci were found with bacitracin, lincomycin, virginiamycin, and flavomycin. Bacitracin and virginiamycin were in vitro more active on S. faecium and S. faecalis groups than on S. faecalis subsp. liquefaciens group; lincomycin and the macrolide antibiotics were more active on S. faecium than on others; and flavomycin was active on all groups except S. faecium. Thus, it appears that different growth-promoting antibacterial agents act differently on different intestinal streptococcal species. The prevalence of acquired resistance among the intestinal streptococci may cause some difficulties in obtaining reproducible results from in vivo studies with the growth-promoting antibacterial agents.
